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(57) Abstract: Enantiomerically 
enriched (S)-(-)-3-/V-methy- 
lamino-l-(2-thienyl)- 1 -propanol 
or (/?)-(+)-3-jV-methy- 
larnino-M2-thienyl)-l-propanol 
of the formulae, or mirror image 
are prepared by i) treating an 
enantiomeric mixture of the amines 
la and lb with (-)-2,3:4,6-di-0-iso- 
propylidene-2-keto-L-gulonic acid 
or (+)-2,3:4,6-di-0-isopropylidene-2-keto-D-gulonic acid of the formulae (na) or mirror image ii) crystallizing the obtained 
diastereomerically enriched salts from the reaction mixture obtained in step i), Hi) optionally recrystallizing said diastereomerically 
enriched salts Ilia or IVb, and iv) treating the diastereomerically enriched salts ma or IVb obtained in step ii) or step in) with a 
base to liberate the enantiomerically enriched amines la or lb. 
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Process for the preparation of optically active 3-iV-methylamino-l-(2-thienyl)-l- 
propanol 

The present invention refers to a process for the preparation of enantiomerically enriched 
5 (^-)-3-i^methylaiiun<>-H2-thienyl)-l-propanol or (^H+)-3-^-methylaiiiino-l-(2-thie- 
nyl)-l-propanol, to the salts of these amines with (-)-2,3:4,6-di-0-isopropylidene-2-keto- 
L-gulonic acid or (+)-2,3 :4,6-di-0-isopropyUdene-2-keto-D-gulonic acid, and to a process 
for the preparation of (5)<+)-methyl-[3Kl-naphthyloxy)-3<2-Menyl)-propyl]-anrine 
(duloxetine) from an enantiomeric mixture of (^-(-)-3-iV-memylamino.l-(2-thienyl)- 
.0 1-propanol and (i?)-(+)-3-iV-memylamino-l-(2-thienyl)-l-propanol. 

( ^. ( -).3.^Memylamino-l-(2-thienyl)-l-propanol is an intermediate for the preparation 
of (60K+)-methyl43<l-naphmyloxy)-3<2-tMenyl)-propyl]-amme (duloxetine), an agent 
for the treatment of depression and urinary incontinence (Huiling et al. Chirality 2000, 
15 1 2, 26-29, Sorbera et al. Drugs of the Future 2000, 25(9), 907-916). 

Huiling et al. {Chirality 2000, 12, 26-29) describe a preparation of (SH-)-3-tf-methyl- 
amino-l-(2-thienyl)-l-propanol from thiophene. Thiophene was converted with 3-chloro- 
propanoyl chloride in the presence of tin tetrachloride in benzene to 3-chloro- l-(2-thie- 

20 nyl)-l-propanone, which was reduced with sodium borohydride in ethanol to 3-chloro- 
l-(2-thienyl)-l-propanol. Kinetic resolution by transesterification using vinyl butanoate 
and lipase B from Candida antarctica as catalyst in hexane yielded (,S>3-chloro- 
l-(2-tbienyl)-l-propanol, which was converted to (5)-3-iodo-l-(2-thienyl)-l-propanol 
using sodium iodide in acetone. Subsequent treatment with methylamine in tetrahydro- 

25 furan afforded (60-(-)-3-^memylamino-l-(2-thienyl)-l-propanol. 

Sorbera et al. (Drugs of the Future 2000, 25(9), 907-916) describe another preparation of 
(S) .(-).3.^memylamino-l-(2-thienyl)-l-propanol from thiophene, which is essentially 
the same as the one described by Huiling et al. (Chirality 2000, 12, 26-29) except that 
30 3-chloro-l-(2-thienyl)-l-propanone was directly asymmetrically reduced to (5)-3-chloro- 
l-(2-thienyl)-l-propanol using borane and catalytic amounts of (i?)-3,3-diphenyl- 
l-methyltetrahydro-3//-pyrrolo[l,2-c][l,3,2]oxazaborole in tetrahydrofuran. This 
asymmetric reduction afforded (5)-3-chloro-l-(2-tnienyl)-l-propanol in a yield of 86% 
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from 3-chloro-l-(2-thienyl)-l-propanone (Wheeler et al. J. Label. Compd. Radiopharm. 
1995, 36, 213-223). 

The drawbacks of above preparations of (5)-(-)-3-^-methylamino-l-(2-thienyl)-l-propa- 
nol are the use of toxic or carcinogenic compounds such as tin tetrachloride and benzene 
and the use of expensive compounds such as borohydride or borane and sodium iodide, 
the latter being in addition difficult to dispose. 

It is an object of the present invention to provide an ecological and economical process 
10 for the preparation of (5)-(-)-3-i\r-memylarmno-lK2-thienyl)-l-propanol or 

(i?)K+>3-^-memylamino-l-(2-thienyl)-l-propanol. It is another object of the present 
invention to provide an ecological and economical process for the preparation of 
(5)<+)-memyl-[3<l-naphthyloxy)-3-(2-tMenyl)-propyl]-anune (duloxetine) and to 
provide new amine addition salts of (-)-2,3:4,6-di-0-isopropyUdene-2-keto-L-gulonic 
15 acid or (+)-2,3 :4,6-di-0-isopropyUdene-2-keto-D-gulonic acid. 

These objects are achieved by the processes according to claims 1 and 10, and by the 
compounds according to claims 13 to 16. 

20 The process of the present invention for the preparation of enantiomerically enriched 

(5).(-).3-iV-memylamino-l-(2-thienyl)-l-propanol or (/?)<+)-3-^-memylamino-l-(2-thie- 
nyl)-l-propanol of the formulae 





25 


comprises the steps of 

i) treating an enantiomeric mixture of the amines la and lb with (-)-2,3 :4,6-di-0- 
isopropyhdene-2-keto-L-gulonic acid or (+)-2,3:4,6-di-0-isopropyUdene-2-keto- 
D-gulonic acid of the formulae 
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or the diastereomeric salts of the formulae 

15 



(IVa) 
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15 


20 



HO^R^ N ^[—O "O 


COO" 



(ivb) 


ii) crystallizing the diastereomericaUy enriched salts Hla or IVb from the reaction 
mixture obtained in step i), 

iii) optionally recrystallizing said diastereomericaUy enriched salts Hla or IVb and 

iv) treating the diastereomericaUy enriched salts Hla or IVb obtained in step ii) or 
step iii) with a base to liberate the enantiomericaUy enriched amines la or lb. 

EnantiomericaUy enriched (5)K-)-3-^-memylamino-l-(2-thienyl)-l-propanol or 
(i?)<+)-3-iV-memylaniino-l-(2-thienyl)-l-propanol of the formulae la or lb have an 
enantiomeric excess (e.e.) of X)%, preferably >50% and more preferably >70%. 

The e.e. of (5)<-)-3-^-memylamino-l-(2-thienyl)-l-propanol or (R)-(+)-3-iV-memyl- 
amino-l-(2-thienyl)-l-propanol of the formulae la or lb can be determined by chiral 
HPLC, for example. 

An enantiomeric mixture of the amines la and lb is either a racemic mixture of the amines 
la and lb or a mixture, which is already enantiomericaUy enriched in la or lb. Preferably 
the enantiomeric mixture of the amines la and lb is a racemic mixture of la and lb. 


(-)-2,3:4,6-Di-0-isopropyUdene-2-keto-L-gulonic acid or (+)-2,3:4,6-di-0-isopropyli- 
dene-2-keto-D-gulonic acid of the formulae Ha or Ub refer also to the hydrates of 
25 (-)-2,3:4,6-di-0-isopropyhdene-2-keto-L-gulonic acid or (+)-2,3:4,6-di-0-isopropyh- 
dene-2-keto-D-gulonic acid. 

PartiaUy forming the diastereomeric salts of the formulae Hla and mb or IVa and IVb 
means that the enantiomeric mixture of the amines la and lb is treated with less than 
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1.0 mol equivalent of (-)-2 5 3:4,6-di-0-isopropyUdene-2-keto-L-gulonic acid or 
(+)-2,3 :4,6-di-0-isopropylidene-2-keto-D-gulonic acid in respect to said enantiomeric 
mixture so that only a part of said enantiomeric mixture is converted into the above 
diastereomeric salts, leaving the remainder of said enantiomeric mixture as free amines in 
5 the reaction mixture. 

Completely forming the diastereomeric salts of the formulae THa and mb or IVa and IVb 
means that the enantiomeric mixture of the amines la and lb is treated with at least 
1 0 mol equivalent of (-)-2,3:4,6-di-0-isopropylidene-2-keto-L-gulonic acid or 
10 (+)-2 3-4 6-di-0-isopropylidene-2-keto-D-gulonic acid in respect to said enantiomeric 
mixture so that said enantiomeric mixture is completely (100%) converted into the above 
diastereomeric salts. 

Preferably, the diastereomeric salts of the formulae ma and mb or IVa and IVb are 
15 partially or completely formed by treatment of an enantiomeric mixture of amines la and 
lb with0.4to 1.1 mol equivalents of (-)-2,3:4,6-di-0-isopropyUdene-2-keto-L-gulomc 
acid or ( + )-2,3:4,6-di-C)-isopropyUdene-2-keto-D-gulonic acid in respect to said enanho- 
meric mixture. 


20 


More preferably, the diastereomeric salts of the formulae ma and mb or IVa and IVb are 
partially formed by treatment of an enantiomeric mixture of amines la and lb with 0.4 to 
0.6 mol equivalents of (-)-2,3:4,6-di-0-isopropyUdene-2-keto-L-gulonic acid or 
(+)-2,3:4,6-di-a-isopropylidene-2-keto-D-gulonic acid in respect to said enantiomeric 


mixture. 


25 


30 


Diastereomerically enriched salts ffla or IVb liberate upon base treatment 
(S)<->3-^-memylamino-l-(2-thienyl)-l-propanol or ^K+)-3-JV'-memylamino-l- 
(2-thienyl)-l-propanol of the formulae la or lb having an e.e. of >0%, preferably >50% 
and more preferably >70%. 

Diastereomerically enriched salts IHa or IVb crystallize from the reaction mixture 
obtained in step i). When the diastereomeric salts ffla and mb or IVa and IVb are 
partially formed, the crystallization of the diastereomerically enriched salts ma or IVb 
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removes more Ilia or IVb than Dlb or IVa from the solution and thus from the equi- 
librium of salt formation. As a consequence the equilibrium of salt formation is shifted 
towards the diastereomeric salts Ilia or IVb. 

The diastereomerically enriched salts Ilia or IVb obtained in step ii) can be recrystallized. 
Preferably, the diastereomerically enriched salts Hla or IVb are recrystallized to yield 
essentially diastereomerically pure salts Hla or IVb, which upon base treatment liberate 
essentially enantiomerically pure amines la or lb. 

10 Essentially diastereomerically pure salts Hla or IVb liberate upon base treatment 
(S)-(-)-3-iV-memylanimo-l-(2-to 

(2-thienyl)-l-propanol of the formulae la or lb having an e.e. of >90%, preferably >95%. 

Essentially enantiomerically pure (^<-)-3-^memylamino-l-(2-mienyl)-l-propanol or 
15 (2?)^+)-3-//-memylamino-l-(2-thienyl)-l-propanol of the formulae la or lb have an e.e. of 
>90%, preferably >95%. 

The solvents used for the salt formation (step i), the crystallization (step ii) and the 
recrystallization (step iii) are identical or different and are selected from the group 
20 consisting of water, organic solvents, mixtures of water and at least one organic solvent 
and mixtures of an organic solvent and at least one other organic solvent. 

The organic solvent is selected from the group consisting of Ci-e-alkanols, aliphatic 
ketones, aliphatic C 2 -6-nitriles, nitro compounds, aliphatic amides, esters, carbon 
25 disulfide, tetramethylene sulfone, ethers, thioethers, halogenated hydrocarbons and 
hydrocarbons. 

CWAlkanols can be branched or unbranched. Examples of Ci-6-alkanols are methanol, 
ethanol, propanol, 2-propanol (isopropanol), butanol, 2-methyl-l-propanol (isobutanol), 
30 2-butanol, fe/t-butanol, pentanol, 3 -methyl- 1 -butanol, 2-methyl-l -butanol, 2,2-dimethyl- 

1- propanol, 2-pentanol (sec-amylalcohol), 3-methyl-2-butanol, 2-methyl-2-butanol 
(fert-amylalcohol), 3-pentanol, hexanol, 2-hexanol, 3-hexanol, 3,3-dimethyl-l-butanol, 

2- ethyl-l-butanol, 2-methyl-l -pentanol, 2-methyl-2-pentanol, 2-methyl-3 -pentanol, 
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3-methyl-l-pentanol, 3-methyl-3-pentanol, 4-methyl-l-pentanol and 4-methyl-2-pentanol. 

Aliphatic ketones can be ketones of the formula R^CO, wherein R 1 and R 2 are identical 
or different and are preferably aliphatic C M -alkyl, which can be branched or unbranched. 

5 Examples of C^-alkyl are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl and 
terr-butyl. Examples of ketones are acetone, 2-butanone (ethyl methyl ketone), 3-penta- 
none (diethyl ketone), 2-pentanone (methyl propyl ketone), 3-methyl-2-butanone (iso- 
propyl methyl ketone), 2-hexanone (butyl methyl ketone), 3-hexanone (ethyl propyl 
ketone), 3,3-dimethyl-2-butanone (tert-butyl methyl ketone), 2-methyl-3-pentanone (ethyl 

10 isopropyl ketone) and 4-methyl-2-pentanone (isobutyl methyl ketone). 

Aliphatic C 2 .6-nitriles can be branched or unbranched. Examples of aliphatic C^-nitriles 
are acetonitrile, propionitrile, butyronitrile, isobutyronitrile, valeronitrile, isovaleronitrile 
and hexanenitrile. 

15 

Nitro compounds can be aliphatic Ci-6-nitro compounds, which can be branched or 
unbranched, or aromatic nitro compounds, which can be substituted with methyl or ethyl. 
Examples of aliphatic C^-nitro compounds are 1-nitromethane, 1-nitroethane, 1-nitro- 
propane, 2-nitropropane, 1-nitrobutane, 2-methyl-2-nitropropane, 1-nitropentane and 
20 2-nitrohexane. Examples of aromatic nitro compounds are nitrobenzene, 2-nitrotoluene 
and 3-nitrotoluene. 

Aliphatic amides can be amides of the formula R 3 CO-NR 4 R 5 , wherein R 3 , R 4 and R 5 are 
identical or different and are preferably hydrogen, methyl or ethyl. Examples of amides 
25 are formamide, acetamide, ^-methylformamide, iV-methylacetamide, JWMimemylform- 
amide, iVA-dimemylacetamide, tf-emylformamide, ^-ethylacetamide and JV-methylpro- 
pionamide. 

Esters can be esters of the formula R 6 CO-OR 7 , wherein R 6 is hydrogen, d-s-alkyl, which 
30 can be branched or unbranched, aralkyl, or an aromatic residue, which is optionally 
substituted with C-4-alkyl, CWalkoxy or halogen, and R 7 is Cs-alkyl, which can be 
branched or unbranched, aralkyl or an aromatic residue. Examples of C^-alkyl are given 
above. Examples of halogen are fluorine, chlorine, bromine and iodine. Examples of 
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C,-5-aUcyl are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, fert-butyl, 
pentyl, isopentyl, 2-methyl-butyl, sec-pentyl, 2,2-dimethyl-propyl, 3-methyl-sec-butyl 
and 2-methyl-sec-butyl. Examples of aralkyl are benzyl and 2-phenylethyl. Example of 
aromatic residues are phenyl, 4-chlorophenyl and 4-tolyl. Examples of esters are methyl 

5 formate, ethyl formate, propyl formate, butyl formate, terf-butyl formate, isopentyl 

formate, phenyl formate, methyl acetate, ethyl acetate, propyl acetate, isopropyl acetate, 
butyl acetate, isobutyl acetate, ferr-butyl acetate, pentyl acetate, isopentyl acetate, hexyl 
acetate, benzyl acetate, 2-phenylethyl acetate, phenyl acetate, methyl propionate, ethyl 
propionate, propyl propionate, tert-butyl propionate, methyl butyrate, ethyl butyrate, 

10 propyl butyrate, butyl butyrate, methyl valerate, ethyl valerate, pentyl valerate, methyl 
caproate, ethyl caproate, methyl phenylacetate, ethyl phenylacetate, methyl benzoate, 
ethyl benzoate, butyl benzoate, benzyl benzoate and phenyl benzoate. 

Ethers can be either cyclic ethers or ethers of the formula R 8 -0-R 9 , wherein R 8 and R 9 are 
15 identical or different and are C,^-alkyl, which can be branched or unbranched, aralkyl, or 
an aromatic residue, which can be optionally substituted with methyl or ethyl. Examples 
of C,-4-alkyl and aralkyl and an example of an aromatic residue are given above. 
Examples of an aromatic residue, which is substituted with methyl or ethyl, are 2-tolyl, 

3- tolyl and 4-tolyl. Examples of cyclic ethers are tetrahydrofuran, tetrahydropyran and 
20 dioxane. Examples of ethers of the formula R 8 -0-R 9 are diethyl ether, butyl methyl ether, 

tert-butyl methyl ether, tert-amyl methyl ether, butyl ethyl ether, terr-butyl ethyl ether, 
diisopropyl ether, dipropyl ether, anisole (methyl phenyl ether), 3-methyl-anisole, 

4- methyl-anisole, benzyl methyl ether. 


25 


Thioethers can be either cyclic thioethers or thioethers of the formula R 10 -S-R n , wherein 
R 10 and R 1 1 are identical or different and are CWalkyl, which can be branched or un- 
branched, C 2 . 3 -alkenyl or an aromatic residue, which can be optionally substituted with 
methyl or ethyl. Examples of Ci-4-alkyl and of aromatic residues are given above. 
Examples of C 2 -3-alkenyl are vinyl and 2-propenyl (allyl). 
30 Examples of cyclic thioethers are tetrahydrothiophene and pentamethylene sulfide. 
Examples of thioethers of the formula R 10 -S-R n are dimethyl sulfide, ethyl methyl 
sulfide, ethyl sulfide, terf-butyl methyl sulfide, isopropyl sulfide, propyl sulfide, butyl 
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sulfide, sec-butyl sulfide, allyl methyl sulfide, ethyl vinyl sulfide, thioanisole (methyl 
phenyl sulfide), ethyl phenyl sulfide and methyl 4-tolyl sulfide. 

Halogenated hydrocarbons can be halogenated CWalkanes, which can be branched or 
5 unbranched, or halogenated aromatic hydrocarbons, which can be substituted with one or 
more C,. 2 -alkyl. Examples of halogens are given above. The halogenated hydrocarbons 
can be substituted with one or more halogens, which can be identical or different. 
Ci-2-Alkyl is methyl or ethyl. 

Examples of halogenated CWalkanes are dichloromethane, chloroform, carbon tetra- 
10 chloride, 1,2-dichloroethane, 1,2-dibromoethane, l-bromo-2-chloroethane, 1-bromo- 

2- fluoroethane, 1,1-dichloropropane, 1,2-dichloropropane, 1,3-dichloropropane, 2,2-di- 
chloropropane, 1,2-dibromopropane, 1,3-dibromopropane, 2,2-dibromopropane, 1-bromo- 

3- chloropropane, l-bromo-3-fluoropropane, 1,2-dichlorobutane, 1,3-dichlorobutane, 
1,4-dichlorobutane, 2,3-dichlorobutane, l,2-dichloro-2-methylpropane, 1,2-dibromo- 

15 butane, 1,3-dibromobutane, 2,3-dibromobutane, l-bromo-4-chlorobutane and 1-bromo- 
3-chloro-2-methylpropane. 

Examples of halogenated aromatic hydrocarbons are chlorobenzene, bromobenzene, 
1,2-dichlorobenzene, 1,3-dichlorobenzene, 1,2-dibromobenzene, 1,3-dibromobenzene, 

2- bromochlorobenzene, l-bromo-2-fluorobenzene, l-bromo-3-fluorobenzene, 1-bromo- 
20 4-fluorobenzene, 2-chlorotoluene, 3-chlorotoluene, 4-chlorotoluene, 2-bromotoluene, 

3- bromotoluene, 2-chloro-ro-xylene, 2-chloro-p-xylene, 4-chloro-<>-xylene, (2-chloro- 
ethyl)benzene and 1-chloronaphthalene. 

Hydrocarbons can be C 5 - 8 -alkanes, which can be branched or unbranched, cyclic 
25 Cs-s-alkanes or aromatic hydrocarbons, which can be substituted with one or more 

Ci-2-alkyls. d-2-Alkyl is as defined above. Examples of Cs-s-alkanes are pentane, hexane, 
2,2-dimetbylbutane, 2,3-dimethylbutane, 2-methylpentane, 3-methylpentane, heptane, 
2,2-dimethylpentane, 2,3-dimethylpentane, 2-methylhexane, 3-methylhexane, 
2,2,2-trimethylbutane and octane. Examples of cyclic Cs-g-alkanes are cyclopentane, 
30 cyclohexane, cycloheptane and cyclooctane. Examples of aromatic hydrocarbons are 
benzene, toluene, o-xylene, m-xylencp-xylene and ethylbenzene. 
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Preferably, the solvents used for the salt formation (step i), the crystallization (step ii) and 
the reorganization (step iii) are identical or different and are polar solvents. The polar 
solvents are selected from the group of solvents consisting of water, a polar organic 
solvent, a mixture of water and at least one polar organic solvent and a mixture of a polar 
5 organic solvent and at least one other polar organic solvent. 

The polar organic solvent is selected from the group consisting of C^-alkanols, aliphatic 
ketones, aliphatic C 2 -6-nitriles, nitro compounds, aliphatic amides and esters. 

More preferably, the solvents used for the salt formation (step i), the crystallization 
10 (step ii) and the recrystallization (step iii) are identical or different and are selected from 
the group consisting of esters, Ci^-alkanols and mixtures thereof. 

Most preferably, the solvent used for the salt formation (step i), the crystallization (step ii) 
and the recrystallization (step iii) are identical or different and are ethanol or mixtures of 
15 ethanol and ethyl acetate. 

Preferably, the salt formation (step i) is performed at a temperature between 20 and 
120 °C, more preferably at a temperature between 40 and 100 °C. The temperature can 
change during the salt formation. 


20 


25 


Preferably, the concentration of the enantiomeric mixture of amines la and lb in the 
reaction mixture of the salt formation (step i) is between 2 and 20% (w/v), more 
preferably, between 2 and 15% (w/v). 

The enantiomeric mixture of amines la and lb and (-)-2,3:4,6-di-0-isopropyHdene- 
2-keto-L-gulonic acid or (+)-2,3:4,6-di-0-isopropyUdene-2-keto-D-gulonic acid can be 
added to the reaction vessel simultaneously or successively. Preferably, they are added 
successively. More preferably (-).2,3:4,6-di-0-isopropyUdene-2-keto-L-gulonic acid or 
(+)-2,3:4,6-di-O-isopropylidene-2-ket0-D-gulonic acid are added to the enantiomeric 
30 mixture of amines la and lb. 

Diastereomerically enriched salts ffla or IVb are crystallized from the reaction mixture 
obtained in step i). The diastereomerically enriched salts IHa or TVb can be crystallized 
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directly from the reaction mixture obtained in step i) or after solvent exchange. The 
solvent exchange can be performed by partially or completely removing the solvent used 
in the salt formation (step i), e. g. by distillation, and simultaneously or successively 
adding another solvent. Preferably the diastereomerically enriched salts Ula or IVb are 
5 crystallized directly from the reaction mixture obtained in step i). More preferably, the 
diastereomerically enriched salts ma or IVb are crystallized directly from the reaction 
mixture obtained in step i) upon cooling of the reaction mixture to a temperature from 
0 to 15 °C. Most preferably, the diastereomerically enriched salts ffla or IVb are 
crystallized directly from the reaction mixture obtained in step i) upon cooling of the 
10 reaction mixture to a temperature from 0 to 5 °C. The diastereomerically enriched salts 
ma or IVb are isolated e. g. by filtration or centrifugation. 

The optional recrystallization of the diastereomerically enriched salts ma or IVb can be 
performed by dissolving said salts ma or IVb in the solvent, preferably at the reflux 
15 temperature of the solvent, and cooling the obtained mixture to a temperature from 0 to 
15 °C, preferably to a temperature from 0 to 5 °C. The recrystallized diastereomerically 
enriched salts ffla or TVb are isolated e. g. by filtration or centrifugation. 

The isolated diastereomerically enriched salts ffla or TVb obtained in step ii) or step in) 
20 can be washed with a polar organic solvent. The polar organic solvent is as defined above. 
Preferably the polar organic solvent used for washing is selected from the group 
consisting of C^-alkanols, esters and mixtures thereof. C^-Alkanols and esters are as 
defined above. 


25 


30 


The diastereomerically enriched salts ffia or IVb obtained in step ii) or step iii) can be 
dissolved in a polar solvent and treated with a base, which is soluble in the polar solvent 
used, to liberate the enantiomerically enriched amines la or lb. The polar solvent is as 
defined above. Preferably, the diastereomerically enriched salts ffla or IVb obtained in 
step ii) or step iii) are dissolved in water and is treated with a water soluble inorganic or 
organic base. Examples of water soluble organic bases are trimemylamine, triemylamine, 
pyridine, 2-picoline, 3-picoline and 4-picoline. Examples of water soluble inorganic bases 
are hthium hydroxide, sodium hydroxide, potassium hydroxide, lithium carbonate, 
sodium carbonate, potassium carbonate, hthium hydrogen carbonate, potassium hydrogen 
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carbonate and ammonium hydroxide. Preferably, the base is a water soluble inorganic 
base. More preferably, the base is selected from the group consisting of sodium 
hydroxide, potassium hydroxide and sodium carbonate. The enantiomerically enriched 
amines la or lb can be isolated e. g. by extraction with a suitable organic solvent. 
Examples of organic solvents suitable for extraction of the amines la or lb are esters, 
ethers and halogenated hydrocarbons. Esters, Ethers and halogenated hydrocarbons are as 
defined above. Preferably, the solvent used for extracting the amines la or lb is an ester or 
an ether. More preferably, the solvent used for extracting the amines la or lb is ethyl 
acetate or tert-butyl methyl ether. 


10 


An enantiomeric mixture of the amines la and lb can be prepared by reacting 2-acetyl- 
thiophene in a Mannich reaction with paraformaldehyde and methylamine hydrochloride 
to afford 3-iV-methylamino-l-(2-thienyl)-l-propanone hydrochloride and subsequently 
reducing the latter with sodium borohydride to yield the racemic mixture of amines la and 
15 lb. Preferably, the Mannich reaction is carried out using ethanol as solvent and under 
pressure at a temperature above the boiling point of ethanol, more preferably at a 
temperature from 100 to 120 °C. The reaction mixture obtained in the Mannich reaction 
can be employed directly in the reduction step. Alternatively, 3-^-memylamino-l-(2-thio- 
phenyl)-l-propanone can be isolated from the reaction mixture obtained in the Mannich 
20 reaction, e.g. by crystallization, and can be employed, after optional recrystallization, in 
the reduction step. Examples of solvents suitable for recrystallizing 3-jV-memylamino- 
l-(2-thienyl)-l-propanone hydrochloride are Ci-e-alkanols, preferably isopropanol. 
Ci-e-Alkanols are as defined above. Preferably, the reduction of 3-AT-methylamino- 
l-(2-thienyl)-l-propanone with sodium borohydride is performed in ethanol at a 
25 temperature from 0 to 1 0 °C, more preferably at a temperature from 4 to 6 °C. The 
isolated racemic mixture of amines la and lb can be optionally further purified by 
distillation under reduced pressure. 

(-)-2,3:4,6-Di-0-isopropyUdene-2-keto-L-gulonic acid is commercially available. 
30 Alternatively, it can be prepared by oxidation of 2,3:4,5-di-0-isopropylidene-L-sorbose, 
e. g. electrochemically (DE 2410034), or by diacetaUzation of 2-keto-L-gulonic acid, e. g. 
by treatment with 2,2-dimethoxypropane (US 6,239,293 Bl). 
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(+)-2,3:4,6-Di-0-isopropylidene-2-keto-D-gulonic acid can be prepared analogously 
starting from 2,3:4,5-di-0-isopropylidene-D-sorbose or from 2-keto-D-gulonic acid. 

The process of the present invention for the preparation of enantiomerically enriched 
5 (^-(4^)-memyl-[3Kl-naphthyloxy)-3<2-tMenyl)-propyl]-aniine (duloxetine) of the 

formula 




(Va) 


10 or a pharmaceutical^ acceptable salt thereof 
comprises the steps of 

i) reacting an enantiomeric mixture of (5)<-)-3-^-memylamino-l-(2-thienyl)-l- 
propanol and (iJ)-(+)-3-i^memylanimo-lK2-thienyl)-l-propanol of the formulae 



(la) 


and 


I 

H 


15 


with (-)-2,3:4,6-di-0-isopropylidene-2-keto-L-gulonic acid of the formula 
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to partially or completely form the diastereomeric salts of the formulae 



HO' 


H 2 


COO" 

/ S > — o 



(IHa) 


and 



COO" 



(Hlb) 


10 ii) crystallizing the diastereomerically enriched salt Hla from the reaction mixture 
obtained in step i), 

iii) optionally recrystallizing said diastereomerically enriched salt Hla, 

iv) treating the diastereomerically enriched salt Etta obtained in step ii) or step iii) with a 
base to liberate the enantiomerically enriched amine la, 

15 v) converting the enantiomerically enriched amine la to the corresponding 
enantiomerically enriched alkoxide of the formula 



A 


(Via) 


20 


wherein M is a monovalent metal, 
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vi) reacting said enantiomerically enriched alkoxide Via with a 1-halonaphthalene of the 
formula 


10 


15 


20 



25 


(vn) 


wherein X is halogen, to yield enantiomerically enriched duloxetine (Va), and 
vii) optionally treating said duloxetine (Va) with an acid to form a pharmaceutical 
acceptable salt thereof. 

All definitions given for the process for the preparation of enantiomerically enriched 
amines la or lb apply, when appropriate, accordingly to this process. 

Enantiomerically enriched duloxetine (Va) has an e.e. of X)%, preferably >50% and more 
preferably >70%. 

Pharmaceutical^ acceptable salts of duloxetine are acid addition salts of duloxetine 
formed by treatment of duloxetine (Via) with an inorganic or organic acid. Examples of 
inorganic acids are hydrochloric acid, hydrobromic acid, hydriodic acid, sulfuric acid, 
phosphoric acid and carbonic acid. Examples of organic acids are formic acid, acetic acid, 
malonic acid, succinic acid, maleic acid, fumaric acid, oxalic acid, citric acid, tartaric 
acid, benzoic acid^-toluenesulfonic acid and methanesulfonic acid. Examples of 
pharmaceutical^ acceptable salts of duloxetine are (5)-(+)-methyl-[3-(l-naphihyloxy)- 
3-(2-thienyl)-propyl]-ammonium chloride, bromide, iodide, hydrogensulfate, sulfate, 
hydrogensulfite, sulfite, phosphate, hydrogenphosphate, dihydrogenphosphate, formate, 
citrate, malonate, succinate, maleate, fumarate, oxalate, citrate, tartrate, benzoate, 
p-toluenesulfonate and methanesulfonate. 

The enantiomerically enriched alkoxideVIa has an e.e. of X)%, preferably >50% and 
more preferably >70%. 


30 
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The enantiomerically enriched amine la is converted to the enantiomericaUy enriched 
alkoxide Via, wherein M is a monovalent metal. Preferably, M is an alkali metal selected 
from the group consisting of hthium, sodium and potassium. Examples of alkoxides of the 
formula Via are hthium (^-(-)-3-N-memylamino-l-(2-thienyl)-l-propoxide, sodium 
(^_(-)-3_7vr-memylamino-l-(2-thienyl)-l-propoxide and potassium (5)-(-)-3-//-methyl- 
amino-l-(2-thienyl)-l-propoxide. The enantiomericaUy enriched amine la can be 
converted to the enantiomericaUy enriched alkoxide Via by treatment of said amine la 
with an alkali metal selected from the group of hthium, sodium and potassium, or by 
treatment of amine la with a suitable base. Examples of suitable bases are hthium 
hydride, hthium iV^-diisopropylamide, sodium hydride, sodium tert-butoxide, potassium 
hydride and potassium tert-butoxide. 

The enantiomericaUy enriched alkoxide Via reacts with 1-halonaphtalene of the formula 
VH to yield enantiomericaUy enriched duloxetine (Va). The halogen of 1-halonaphthalene 
of the formula VH is selected from the group consisting of fluorine, chlorine, bromine and 
iodine. Preferably, 1-halonaphtalene is 1-fluoronapthalene. 


The diastereomerically enriched salt Ifla obtained in step ii) is preferably recrystaUized to 
yield essentiaUy diastereomericaUy pure salt Hla, which upon base treatment Uberates 
20 essentiaUy enantiomericaUy pure amine la, which is converted to essentiaUy enantio- 
merically pure alkoxide Via, which reacts with 1-halonaphthalene to yield essentially 
enantiomericaUy pure duloxetine (V a). 

The essentially enantiomericaUy pure alkoxide Via has an e.e. of >90%, preferably >95%. 

25 

EssentiaUy enantiomericaUy pure duloxetine (Va) has an e.e. of >90%, preferably >95%. 
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The following compounds are also part of the invention: 
L-gulonate of the formula 



cocr 


HO' 


Ha 


(Ela) 


(i?)-3-Ar-Methylammonio-lK2-tmenyl)-l-propanol2,3:^ 
10 L-gulonate of the formula 


^2 


COO" 


(mb) 


(^.3-A^Methylammomo-l-(2-tmenyl)-l-pK)panol23 
15 D-gulonate of the formula 



,0. 


COO" 

o 


HO' 


H2 


Vo^'oV 



(TVa) 


and 


20 
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15 


20 


R>3-W-MethylainnK*mo-H2-^ 
•-gulonate of the formula 


Example 1 

Preparation of 3-7^me11iylari3dno-l-(2-thienyl)-l-propanorie hydrochloride 

A mixture of 2-acetylthiophene (25.5 g, 200 mmol), memylamine hydrochloride (14.9 g, 
220 mmol), paraformaldehyde (8.2 g, 280 mmol) and ethanol (100 mL) was heated in an 
autoclave at 1 10 °C for 9 h. The obtained light brown solution was cooled to 20 °C and 
part of the ethanol (50 mL) was removed by distillation under vacuum: Ethyl acetate 
(200 mL) was added to the residue to afford a thick suspension, which was cooled to 0 °C 
and kept for 45 min at that temperature. The obtained precipitate was isolated by filtration 
and dried yielding 3-^-methylamino-l-(2-thienyl)-l-propanone hydrochloride (29.3 g, 
71%) as a slightly yellow powder. 


Example 2 

Preparation of (±)-3-7/-memylamino-l-(2-thienyl)-l-propanol 

Sodium hydroxide (4.0 g of a 50% aqueous solution) was added to a mixture of 
3-iST-memylamino-l-(2-thienyl)-l-propanone hydrochloride (10.3 g, 50 mmol) and 
ethanol (35 mL) at 4 °C in about 5 min. Neat sodium borohydride (0.95 g, 25 mmol) was 
added in several portions in about 30 min to afford a beige suspension which was stirred 
at 4 °C for additional 4 h. Acetone (10 mL) was added dropwise in 5 min and the mixture 
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was stiired for additional 10 min before water (20 mL) was added. The mixture was 
concentrated about 5 times under vacuum and the obtained residue was extracted with 
tert-butyl methyl ether (2 x 20 mL). The collected organic phases were concentrated 
under vacuum affording (±)-3-^-metiiylamino-l-(2-thienyl)-l-propanol (7.2 g, 84%) as 
an orange oil which crystallized spontaneously after a few h. l H-NMR (DMSO-dg, 
400 MHz): 7.35 (1 H, dd, /= 4.8, 1.0), 6.94 (1 H, dd, J= 4.8, 3.6), 6.90 (1 H, dd, /== 3.6, 
1.0), 4.90 (1 H, t), 3.7 (2 H, m), 2.56 (2 H, m), 2.25 (3 H, s), 1.79 (2 H, q); ,3 C-NMR 
(DMSO-dfi): 150.9, 126.3, 123.7, 122.3, 67.8, 48.5, 38.7, 36.0. 


10 


Example 3 

Analytical hydrolysis of (5)-3-^-memylanmionio-l-(2-thienyl)-l-propanol 2,3:4,6-di- 
O-isopropylidene-2-keto-L-gulonate to (^<-)-3-^-methylamino-l-(2-thienyl)-l-propanol 

15 Sodium hydroxide (0.3 g of a 30% aqueous solution) was added to a solution of (S)-3-N- 
memylammomo-M2-tmenylH^^ 

(0.50 g, 1.08 mmol) in water (10 mL). tert-Butyl methyl ether (10 mL) was added. The 
two phases were separated and the aqueous one was extracted with tert-butyl methyl ether 
(2 x 10 mL). The collected organic phases were dried over sodium sulfate, filtrated and 
20 concentrated to yield a colorless oil which crystallized spontaneously affording 

(5)_(_).3-JV-methylamino-l-(2-thienyl)-l-propanol as a white solid. The e.e. of the 
product was determined by chiral HPLC. 


25 Example 4 

Preparation of (5)-(-)-3-iV-methylamino-l-(2-thienyl)-l-propanol using 1 mol equivalent 
of (-)-2,3:4,6-di-0-isopropylidene-2-keto-L-gulonic acid 

4.1. Salt formation and crystallization 
30 (±)-3-^-Memylanimo-lK2-thiophenyl)-l-propanol (8.6 g, 50 mmol) was dissolved in 
ethyl acetate (150 mL) and the obtained solution was heated to reflux. Jn a separate 
vessel, (-)-2,3:4,6-di-0-isopropylidene-2-keto-L-gulonic acid (14.6 g, 50 mmol) was 
dissolved in ethanol (100 mL) and the solution was added in about 15 min to the amine 
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solution. Afterwards, the mixture was heated to reflux for 40 min and then cooled to 0 °C. 
The obtained precipitate was filtrated, washed with ethyl acetate (2 x 50 mL) and dried 
for 15 h at 50 °C and 25 mbar affording (5)-3-^-methylammonio-l-(2-thienyl)-l-propa- 
nol 2,3:4,6-di-0-isopropylidene-2-keto-L-gulonate as a white solid (10.7 g, 45%). A 
5 sample was hydrolyzed as described in example 3 affording (^<-)-3-N-memylamino- 

1- (2-thienyl)-l-propanol having an e.e. of 80 to 85% as determined by chiral HPLC. 

4.2 Recrystallization 
09-3-i^Methylanmionio-H2-ttaen^ 
10 L-gulonate (30.0 g, 64 mmol) and ethanol (450 mL) was in ethanol (450 mL) at reflux 
temperature. The solution was cooled to 20 °C in 2 h and filtered. The obtained 
precipitate was washed with ethyl acetate (40 mL) and dried at 40 to 50 °C and 25 mbar 
affordmg (S)-3-W-metoylainmom^^ 

2- keto-L-gulonate (81%). A sample was hydrolyzed as described in example 3 affording 
15 (^-(-)-3-N-memylaniino-l-(2-thienyl)-l-propanol having an e.e. of 96 to 97% as 

determined by chiral HPLC. 

4.3. Hydrolysis 

4.3.1. Hydrolysis by treatment with potassium hydroxide 

20 Potassium hydroxide (3.6 g of a 50% aqueous solution) was added to a solution of 

( l S)-3-^-memylarnmonio-l-(2-thienyl)-l-propanol 2,3:4,6-di-0-isopropylidene-2-keto- 
L-gulonate (5.0 g, 10.8 mmol) in water (15 mL). tert-Butyl methyl ether (35 mL) was 
added. The two phases were separated and the aqueous one was extracted with tert-butyl 
methyl ether (14 mL). The collected organic phases were washed with water (12 mL), 

25 dried over sodium sulfate, filtrated and concentrated to yield a colorless oil which 

crystallized spontaneously affording (^-(-)-3-i^memylamino-l-(2-thienyl)-l-propanol 
as a white solid (1.30 g, 70%) having an e.e. of 96 to 97% as determined by chiral HPLC. 

4.3.2. Hydrolysis by treatment with sodium carbonate 
30 Sodium carbonate (1.82 g, 17.3 mmol) was added to a solution of (5)-3-7V-methylammo- 
nio-l-(2-thienyl)-l-propanol 2,3:4,6-di-0-isopropyUdene-2-keto-L-gulonate (8.0 g, 
17.3 mmol) in water (45 mL). The mixture was stirred for 15 min and extracted with ethyl 
acetate (4 x 20 mL). The collected organic phases were dried over sodium sulfate, 
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filtrated and concentrated to yield a colorless oil which crystallized spontaneously 
affording (S)-(->3-i^methylamino-l-(2-tbienyl)-l-propanol as a white solid (1.8 g, 
having an e.e. of 96 to 97% as determined by chiral HPLC. 


5 

Example 5 

Preparation of (^-)-3-^-memylammo-l<2-thienyl)-l-propanol using 0.6 mol 
equivalents of (-)-2,3:4,6-di-0-isopropyUdene-2-keto-L-gulonic acid 

10 5 . 1 . Salt formation and crystallization 

(±)-3-N-Memylamino-l-(2-thiophenyl)-l-propanol (3.4 g, 20 mmol) was dissolved in 
ethyl acetate (28 mL) and the obtained solution was heated to reflux. In a separate vessel, 
(-)-2,3:4,6-di-0-isopropylidene-2-keto-L-gulonic acid (3.5 g, 12 mmol) was dissolved in 
ethanol (10 mL) and the solution was added in about 15 min to the amine solution. 
15 Afterwards, additional ethyl acetate (25 mL) was added and the mixture was heated to 
reflux for 10 h, then cooled to 0 °C. The suspension was stirred at 0 °C for 1 h. The 
obtained precipitate was filtrated, washed with ethyl acetate (10 mL) and dried for 15 h at 
50 °C and 25 mbar affording (5)-3-^-memylammonio-l-(2-thienyl)-l-propanol 2,3:4,6- 
di-O-isopropylidene-2-keto-L-gulonate as a white solid (3.7 g, 40%). A sample was 
20 hydrolyzed as described in example 3 affording (^-)-3^-memylaniino-l-(2-thienyl)- 
1-propanol having an e.e. of 79% as determined by chiral HPLC. 

5.2. Recrystallization 
(#-3-^Memylammomo-l^ 
25 L-gulonate (0.45 g, 1 mmol) was dissolved in ethanol (4 mL) at reflux temperature. The 
mixture was cooled to 0 °C. The obtained precipitate was filtered, washed with tert-butyl 
methyl ether (1 mL) and dried at 40 to 50 °C and 25 mbar affording 
(S)-3-^memylammomo-l^ 

L-gulonate (0.30 g, 66%). A sample was hydrolyzed as described in example 3 affording 
30 (5)-(-)-3-^memylammo-l-(2-thienyl)-l-propanol having an e.e. of 96 to 97% as 
determined by chiral HPLC. 
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Example 6 

Preparation of (5)<-)-3-iV^methylainino-l-(2-thieriyl)-l-propanol using 0.5 mol 
equivalents of (-)-2,3:4,6-di-0-isopropyhdene-2-keto-L-gulonic acid 

5 6.1. Salt formation and crystallization 

(±)^-iV-Methylarnino-l-(2-thienyl)-l-propanol (3.4 g, 20 mmol) was dissolved in ethyl 
acetate (28 mL) and the obtained solution was heated to reflux. In a separate vessel, 
(-)-2,3:4,6-di-0-isopropyhdene-2-keto-L-gulonic acid (2.9 g, 10 mmol) was dissolved i 
ethanol (28 mL) and the solution was added in about 15 min to the amine solution. 

10 Afterwards, additional ethyl acetate (100 mL) was added and the mixture was heated to 
reflux for 30 min, then cooled to 0 °C. The suspension was stirred at 0 °C for 1 h. The 
obtained precipitate was filtrated and dried for 15 h at 50 °C and 25 mbar affording 
(^-3-^-memylammomo-H2-thienyI)-l-propanol 2,3:4,6-di-0-isopropyUdene-2-keto- 
L-gulonate as a white solid (2.9 g, 31%). A sample was hydrolyzed as described in 

15 example 3 affording (S>(-)-3-^-memylaniino-l-(2-thienyl)-l-propanol having an e.e. . 
75% as determined by chiral HPLC. 


5.2. Recrystallization 
(,S)-3-//-Memylammomo-K2-thienylH 
20 L-gulonate (4.0 g, 8.7 mmol) was dissolved in ethanol (56 mL) at reflux temperature. The 
mixture was cooled to room temperature. The obtained precipitate was filtered, washed 
with terf-butyl methyl ether (5 mL) and dried at 40 to 50 °C and 25 mbar affording 
(^-3-i\r-meraylanmiom<>-H2-to^^ 

L-gulonate (2.9 g, 73%). A sample was hydrolyzed as described in example 3 affording 
25 (^-(-)-3-JV-memylarnino-l-(2-thienyl)-l-propanol having an e.e. of 95 to 96% as 
determined by chiral HPLC. 
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Claims 


1 . Process for the preparation of enantiomerically enriched (5)K-)-3-^-me1iiylainino- 
l-(2-thienyl)-l-propanol or (i?)-(4^)-3-iV-methylarnino-l-(2-thienyl)-l-propanol of the 

5 formulae 



10 


15 


comprising the steps of 

i) treating an enantiomeric mixture of the amines la and lb with (-)-2,3:4,6-di-tf- 
isopropyhdene-2-keto-L-gulonic acid or (+)-2,3:4,6-di-0-isopropyhdene-2-keto- 
D-gulonic acid of the formulae 

COOH o COOH 

jp-vc - - Jp-Oc - 

to partially or completely form the diastereomeric salts of the formulae 



(Hla) 


20 


and 
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COO" 


HO R 



(inb) 


or the diastereomeric salts of the formulae 



HO 




(IVa) 


and 



HO ii 



(TVb) 


10 


15 


ii) crystallizing the diastereomerically enriched salts Hla or IVb from the reaction 
mixture obtained in step i), 

iii) optionally recrystallizing said diastereomerically enriched salts Hla or IVb, and 

iv) treating the diastereomerically enriched salts Ela or IVb obtained in step ii) or 
step iii) with a base to liberate the enantiomerically enriched amines la or lb. 


BNSDOCID: <WO 2OO4O053O7A1. I_> 


PCT/EP2003/007312 

WO 2004/005307 

25 

2. Process of claim 1 wherein the diastereomerically enriched salts IHa or IVb obtained 
in step ii) are recrystallized to yield essentially diastereomerically pure salts Ula or 
IVb, which upon base treatment liberate essentially enanuomerically pure amines la 
or lb. 

5 

3. Process of claim 1 or 2 wherein the solvents used for the salt formation (step i), the 
crystallization (step ii) and the recrystallization (step hi) are identical or different and 
are polar solvents. 

10 4. Process of claim 3 wherein the solvents are selected from the group consisting of 
esters, Ci^-alkanols and mixtures thereof. 

5. Process of claim 4 wherein the solvents are ethanol or mixtures of ethanol and ethyl 


15 


20 


acetate. 


6. 


25 


8. 


Process of one of the claims 1 to 5 wherein 0.4 to 1.1 mol equivalents (-)-2,3:4,6-di- 
O-isopropyhdene-2-keto-L-gulonic acid of the formula Ea or (+)-2,3:4,6-di-0-isopro- 
pyhdene-2-keto-D-gulonic acid of the formula Tib in respect to the enantiomeric 
mixture of amines la and lb are used. 

Process of claim 6 wherein 0.4 to 0.6 mol equivalents (-)-2,3:4,6-di-0-isopropyU- 
dene-2-keto-L-gulonic acid of the formula Ha or (+)-2,3 :4,6-di-0-isopropyUdene- 
2-keto-D-gulonic acid of the formula lib in respect to the enantiomeric mixture of 
amines la and lb are used. 

Process of one of the claims 1 to 7 wherein the base is a water soluble inorganic base. 

Process of claim 8 wherein the base is selected from the group consisting of sodium 
hydroxide, potassium hydroxide and sodium carbonate. 
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10. Process for the preparation of enantiomerically enriched (5)-(+)-methyl- 
[3-(l-naphthyloxy)-3-(2-thienyl)-propyl]-amine (duloxetine) of the formula 



5 

or a pharmaceuticaUy acceptable salt thereof, comprising the steps of 

i) reacting an enantiomeric mixture of (5)-(-)-3-JV-methylamino-l-(2-thienyl)- 

1-propanol and (^)-(+)-3-J\^methylainino-l-(2-thienyl)-l-propanol of the 

formulae 

10 



with (-)-2,3:4,6-di-0-isopropylidene-2-keto-L-gulonic acid of the formula 

15 

goon 
/ S 7—0 

to partially or completely form the diastereomeric salts of the formulae 
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/ 



HO 



COO" 

0CV 


(Hla) 


and 



COO" 


(nib) 


ii) crystallizing the diastereomerically enriched salt Hla from the reaction mixture 
obtained in step i), 

iii) optionally recrystallizing said diastereomerically enriched salt Hla, 

10 iv) treating the diastereomerically enriched salt IHa obtained in step ii) or step iii) 

with a base to liberate the enantiomerically enriched amine la, 
v) converting the enantiomerically enriched amine la to the corresponding 
enantiomerically enriched alkoxide of the formula 


15 



MO' 


(Via) 


20 


wherein M is a monovalent metall, 
vi) reacting said enantiomerically enriched alkoxide Via with a 1-halonaphthalene 
of the formula 


PCT/EP2003/007312 


28 
X 



(vn) 


wherein X is halogen, to yield enantiomerically enriched duloxetine (Va), and 
optionally 

5 vii) treating said duloxetine (V a) with an acid to form a pharmaceutical acceptable 

salt thereof. 

1 1 . Process of claim 10 wherein the diastereomerically enriched salt ma obtained in step 
ii) is recrystallized to yield essentially diastereomerically pure salt ma, which upon 

10 base treatment liberates essentially enantiomerically pure amine la, which is 

converted to essentially enantiomerically pure alkoxide Via, which reacts with 

1- halonaphthalene to yield essentially enantiomerically pure duloxetine Va. 

12. Process of claims 10 or 11 wherein the 1-halonaphthalene is 1-fluoronaphthalene. 

15 

13. (5)-3-7V-Methylammonio- 1 -(2-thienyl)- 1 -propanol 2,3:4,6-di-Oisopropylidene- 

2- keto-L-gulonate of the formula 



(Hla) 


20 
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14. (i?)0-JV-Me11iylaimnomo-l-(2-thieayl)-l-propanol 2,3:4,6-di-C?-isopropylidene- 
2-keto-L-gulonate of the formula 



HO R 


COO" 

0 tk 


(nib) 


15. (^-3-A^-Methylanmiomo-l-(2-tbienyl)-l-propanol23:4,6-di-0-isopropyUdene- 
2-keto-D-gulonate of the formula 
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